Background-Leukocyte concentration in blood is a classical marker of systemic inflammation. Whether high leukocyte counts are associated with incidence of heart failure (HF) is unknown. This population-based study explored whether the leukocyte concentrations were associated with incidence of hospitalizations due to HF. Methods and results-Leukocyte counts were measured in 16 940 men from the general population (mean age 44 years) without history of myocardial infarction or stroke. Incidence of hospitalizations due to HF (primary diagnosis) was monitored over 23 years of follow-up, in relation to quartiles of leukocytes. Subjects with myocardial infarction during follow-up were censored in the main analysis. During the follow-up, 436 men were hospitalized due to HF. Incidence of HF hospitalizations was increased in men with high leukocyte counts. After adjustments for confounding factors, the adjusted hazards ratio (HR, 95% CI) for HF hospitalization was 1.00 (reference), 1.26 (0.93 to 1.7), 1.24 (0.91 to 1.7), and 1.73 (1.3 to 2.3), respectively, for men with leukocytes in the 1st, 2nd, 3rd, and 4th (highest) quartiles (trend, PϽ0.001). This relationship was consistent in smokers and nonsmokers and in men with and without hypertension, respectively. Conclusion-High leukocyte counts in middle-aged men were associated with increased long-term incidence of HF hospitalizations. (Circ Heart Fail. 2009;2:217-222.)
H eart failure is a heterogeneous disorder and the result of different disease processes that reduce the cardiac function. Coronary heart disease and hypertension account for most cases of heart failure (HF). [1] [2] [3] However, recent studies have shown that inflammatory processes could be part of the etiology of HF. 4 -7 Different markers of inflammation, eg, C-reactive protein, tumor necrosis factor-␣, interleukin-6, or erythrocyte sedimentation rate, have been associated with incidence of HF, both in population-based studies 8 -12 and in patients with coronary heart disease. 13 Increased leukocyte count is a classical marker of acute or chronic systemic inflammation. Elevated concentrations of leukocytes have been associated with increased incidence of myocardial infarction (MI) and stroke 14 -19 and worse prognosis in subjects with coronary heart disease. 20 It has also been shown that leukocyte concentrations are associated with an increased incidence of hypertension. 21 However, it is unclear whether high leukocyte concentrations are associated with incidence of HF.
The purpose of this population-based cohort study was to explore whether leukocyte concentrations are associated with incidence of hospitalization due to HF. Between 1974 and 1984, 22 444 men participated in a screening program for detection of individuals with high risk for cardiovascular diseases. 22 Complete birth cohorts from the city of Malmö were invited to a health examination, which included several blood tests and a comprehensive questionnaire. Participation rate was 71%. It has been reported that cardiovascular mortality was higher, and that incidence of nonfatal MI was lower in nonparticipants. 22 Men with a history of MI or stroke (nϭ233), men with missing information on white blood cells (nϭ5221), and 7 men with extremely high leukocyte values (Ͼ20 millions per mL) were excluded. Subjects with missing information about blood pressure (nϭ12), diabetes (nϭ64), blood lipids (nϭ38), and body mass index (nϭ4) were also excluded. A total of 16 940 men remained after the exclusions. Mean age was 43.7 years (standard deviation, SDϭ6.6; range, 28 to 61). The health service authority of Malmö approved and funded the screening program. All participants gave informed consent.
Methods

Baseline Examinations
Subjects were categorized into smokers and nonsmokers. The smokers were categorized into consumers of up to 9 cigarettes per day, 10 to 19 cigarettes, and daily consumption of 20 cigarettes or more.
Body mass index was calculated as weight/height 2 (kg/m 2 ). Blood pressure (mm Hg) was measured twice in the right arm after a 10-minute rest. The average of 2 measurements was used. A sphygmomanometer and a rubber cuff of appropriate size were used. Use of antihypertensive medication was assessed in a questionnaire. Hypertension was defined as systolic blood pressure Ն140 mm Hg and/or diastolic blood pressure Ն90 mm Hg and/or pharmacological treatment for hypertension.
Physical inactivity in spare time was assessed using the question "Are you mostly engaged in sedentary activities in spare time, for example, watching TV, reading, going to the movie?" Subjects who confirmed a doctor's diagnosis of angina pectoris or who used nitrates were considered to have angina pectoris.
Blood samples were taken after an overnight fast. Leukocyte counts were analyzed using an automatic counter according to the standard methods at the laboratory of the university hospital. Serum cholesterol, triglycerides, and blood glucose were similarly analyzed with standard methods at the laboratory. Men with fasting whole blood glucose Ն6.1 mmol/L and men who reported treatment for diabetes, were considered diabetic.
High alcohol consumption was assessed by means of the modified shortened version of the Michigan Alcoholism Screening Test. 23 Men with more than 2 (of 9) affirmative answers were considered to have high alcohol consumption.
Occupation and Marital Status
Information on marital status and occupation was retrieved by data linkage with national census registers. 24 High and medium level nonmanual workers and self-employed men (socioeconomic classification, SEI, groups 46 to 79) were categorized as "high" occupational groups. Low level nonmanual workers, manual workers, and unspecified occupational groups (early retired men, students, and unemployed) were categorized as "low" occupational groups (SEI groups 11 to 36 and 91 to 99). Information on occupation level was missing in 150 (0.9%) of the men. This group was coded as a separate category to keep them in the multivariate analysis. The men were further categorized into single (divorced, widowers, or unmarried) men or married (married or cohabiting) men. 24
Follow-Up
All men were followed from the baseline examination until first hospitalization due to HF, death, emigration from Sweden, or December 31, 2004, whichever came first. In the main analysis subjects with nonfatal MI were followed until the day of infarction and censored thereafter. Subjects with a hospital discharge diagnosis of HF (427.00, 427.10, 428.99 [ICD-8], 428 [ICD-9] and I50 [ICD-10]) were consid-ered to have HF if the diagnosis was listed as the primary diagnosis. A nonfatal MI was defined as code 410 according to the International Classification of Diseases, ICD, 9th revision.
The Swedish Hospital Discharge Register was used for case-retrieval. A validation study has shown that a primary diagnosis of HF in the Swedish Hospital Discharge Register has a validity of 95%. 25
Statistics
One-way analysis of variance (for continuous variables) and logistic regression (for dichotomous variables) was used for cross-sectional analyses of the risk factor distribution between quartiles of leukocytes. The Kaplan-Meier test with the log rank statistics was used to study incidence of HF hospitalizations for quartiles of leukocyte concentrations. Cox proportional hazards regression model was used to calculate risk factor adjusted hazards ratio (HR). Cardiovascular risk factors that were associated with leukocytes at the baseline examination were used as covariates. The Cox models were also adjusted for angina because of its potential relationship with development of HF. Age, cholesterol, triglycerides, systolic blood pressure, and body mass index were fitted as continuous variables.
Smoking, diabetes, blood pressure medication, high alcohol consumption, physical inactivity, and marital status were fitted as dichotomous variables, and 3 categories were used for occupation level (high, low, and missing). The fit of the proportional hazards model was checked visually by plotting the incidence rates over time and by entering time-dependent variables into the model. The covariate adjusted Cox analysis was repeated in separate analyses of smokers and nonsmokers, men with and without hypertension, in men with and without hypercholesterolemia (defined as cholesterol Ն6.5 mmol/L), and in men with and without diabetes. Finally, the relationship between leukocytes and HF was explored without censoring men with MI before the onset of HF.
Statement of Responsibility
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written. Data are presented as meanϮSD or proportions (%). Triglycerides and glucose are presented as geometric means due to skewed distributions. *P value for the trend over quartiles of leukocytes. One-way ANOVA (for continuous variables) and logistic regression (for dichotomous variables) were used.
Results
Baseline Characteristics
The baseline characteristics, in relation to quartiles of leukocytes, are presented in Table 1 . High leukocyte counts were associated with increased levels of several risk factors, eg, smoking, low occupation level, and high cholesterol.
Incidence of HF
During the mean follow-up of 22.9 years, a total of 436 men were hospitalized with a primary diagnosis of HF. Another 210 men had been hospitalized with a diagnosis of MI before or in connection with the diagnosis of HF and were, therefore, censored in the main analysis.
The relationship between leukocyte concentrations and incidence of HF hospitalizations is presented in the Figure and Table  2 . The age-adjusted HR for men with leukocytes in the 4th quartile was 2.53 (CI: 1.9 to 3.3). After adjustments for other risk factors, the HR decreased to 1.73 (CI: 1.3 to 2.3).
After multivariate adjustments, other significant risk factors for HF were age (HR per year: 1.11, CI: 1.08 to 1.13), smoking (HR: 1.59, CI: 1.3 to 2.0), systolic blood pressure (HR per 1 mm Hg: 1.017, CI: 1.011 to 1.022), body mass index (HR per 1 kg/m 2 : 1.12, CI: 1.09 to 1.15), angina (HR: 2.72, CI: 1.6 to 4.7), diabetes (HR: 2.21, CI: 1.6 to 3.0), single marital status (HR: 1.34, CI:1.1 to 1.7), and low occupation level (HR: 1.40, CI: 1.1 to 1.7). Cholesterol was not significantly associated with hospitalization due to HF (HR per 1 mmol/L: 1.06, CI:0.96 to 1.2).
Incidence of HF in Relation to Hypertension and Leukocytes
As expected, hypertension was strongly associated with incidence of HF hospitalizations. Incidence was 1.7 per 1000 person-years in men with hypertension and 0.69 per 1000 in men with normal blood pressure. The age-adjusted HR was 2.17 (CI: 1.8 to 2.6), and the risk factor adjusted HR was 1.71 (CI: 1.4 to 2.1). High leukocyte counts were significantly associated with incidence of HF hospitalizations, both in men with hypertension and normal blood pressure (Table 3) . This relationship was also consistent in smokers and nonsmokers.
Additional Analysis
A total of 210 were hospitalized due to MI before or in connection with the hospital diagnosis of HF. If this group was included among the end points, a total of 646 cases of HF were available for the analysis. The multivariate adjusted HR were 1.00, 1.25 (0.97 to 1.6), 1.21 (0.93 to 1.6), and 1.67 (1.3 to 2.1), respectively, for men with leukocytes in the 1st, 2nd, 3rd, and 4th quartiles (P for trend Ͻ0.001).
Discussion
Increased concentration of leukocytes is classical marker of acute or chronic systemic inflammation, and a risk marker for cardiovascular disease. Whether leukocyte count also is associated with incidence of HF has been unclear. This study from the general population showed that moderately increased leukocyte concentrations are associated with incidence of hospitalizations due to HF. High leukocytes were associated with increased risk of HF hospitalizations both in men with and without hypertension and the relationships were consistent in smokers and nonsmokers. 
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Previous studies have reported associations between interleukin-6, tumor necrosis factor-␣, and C-reactive protein 8, 10, 13, 26 and risk of HF. Ingelsson et al 9 reported relationships between erythrocyte sedimentation rate and incidence of HF. A previous study from the city of Malmö showed that the aggregated number of elevated acute phase proteins were associated with incident HF. 27 In this study, the leukocytes were elevated when the cohort was rather young (mean age 44 years) and the increased risk persisted over a long follow-up period. This suggests that increased inflammation often occurs very early in the process of developing HF.
The reason for the association between leukocytes and HF hospitalization is unclear. One possibility is that men with high leukocytes could have a predisposition to react with exaggerated responses to different inflammatory stimuli. The proinflammatory reactions could increase the risk of developing HF. This predisposition could be genetically determined, which could explain why elevated leukocytes were observed many years before the HF hospitalizations. Many markers of inflammation, including the leukocyte concentrations, are strongly influenced by genetic factors. The polygenic heritability for leukocytes counts has been estimated to 35%. 28 Hypertension is an important risk factor for HF. [1] [2] [3] Longitudinal studies have shown that high leukocyte concentrations, 21 and other markers of inflammation, 29 are associated with incidence of hypertension. Other studies have shown that markers of inflammation, including high leukocytes, are associated with development of diabetes 30 and weight gain. 31, 32 The relationships between high leukocyte concentrations and HF could therefore be medicated through an increased incidence of other risk factors for HF. If this mechanism is important, high leukocyte counts would be an earlier risk marker for many individuals. This could also explain why high leukocytes predicted HF hospitalizations over a very long time period.
Ischemic heart disease is another important etiologic factor. [1] [2] [3] Subjects with history of cardiovascular disease at baseline were excluded, and angina was adjusted for in the analysis. Men with MI during the follow-up were censored in the main analysis. Thus, the relationship between leukocytes and HF were independent of clinical coronary events. However, many infarctions are subclinical, 33 and it is still possible that subclinical coronary heart disease and silent MIs could be a link between leukocytes and HF.
We did not have information about the different leukocyte subpopulations, and we can only speculate about the role of different white blood cells. It has been shown that high granulocyte concentrations 16, 17 predict cardiovascular risk. The lymphocytes concentrations have been weakly and sometimes inversely associated with incidence of cardiovascular disease. [15] [16] [17] [18] [19] A low proportion of lymphocytes has been associated with increased mortality in HF patients. 34 The neutrophiles is the cell population, which influence the level and variation of leukocyte count most. On the other hand, it has been shown that lymphocytes and monocytes is a source of proinflammatory cytokines in HF patients and seem to contribute to the systemic inflammation in these patients. 4 High levels of proinflammatory cytokines may have several adverse effects in patients with HF, including myocardial remodeling, promotion of cardiac arrhythmia and negative inotrophy. [35] [36] [37] The end points in this study were cases that had been hospitalized with a primary diagnosis of HF. It can therefore be assumed that the cardiac dysfunction was quite severe in most cases and that the diagnosis, which was settled during the hospital stay, in most cases was valid. A validation study of cases retrieved from the Swedish hospital discharge register showed that the validity of the diagnosis was 95%, irrespective of clinic type, if HF was the primary diagnosis. 25 However, we do not know whether the leukocytes show the same relationships with incidence of less severe HF, which is more likely to be treated in primary care. We cannot exclude the possibility that some men with HF, eg, those with many comorbid conditions, are more likely to be hospitalized and therefore more likely to be identified in the hospital discharge register.
The diagnostics of HF and the measurements of inflammation have changed a lot during the follow-up period and it is not possible to gather detailed information about the cases in this type of study. Another obvious limitation is that we do not know, eg, the ejection fractions or the systolic or diastolic function of the cases, and we do not have information about new markers of inflammation (eg, C-reactive protein) or HF (eg, N-terminal-proB natriuretic peptide).
The present results show that high leukocyte concentrations are associated with increased incidence of HF in middle-aged men from the general population. The leukocyte concentrations were elevated many years before the men were hospitalized due to HF. Further studies are needed to clarify the role of subpopulations of the white blood cells.
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